ABSTRACT: Animal feed is the first link in the food chain and one of the possible source of Salmonella for food producing animals and consequently, humans consuming products of animal origin. The assessment of the importance and role of Salmonella organisms commonly detected in animal feed in epidemic outbreaks of salmonellosis is highly intricate. This is mainly due to the fact that isolates are rarely identified (typed) to the serovar level, thus, the relevant data on both animal feed and food of animal origin are lacking. In the framework of the 2-year project granted by the Ministry of Science and Technological Development of the Republic of Serbia, all Salmonella isolates originating from animal feed were typed to the serovar level in the National Reference Laboratory for Salmonella. Eighteen different serovars have been identified, whereas 15% of all isolates included serovar Montevideo. Frequent isolation of S. ser. Montevideo from animal feed originating from feed mills in our epizootic area (South Bačka and Srem district), encouraged our attempt to summarize and present the available data on the importance of Montevideo serovar in the outbreaks of clinical salmonellosis in humans and to review the reports on individual epidemiological studies aimed at detecting infection sources and establishing relevant facts on emerging antimicrobial resistance of Salmonella. Moreover, this article emphasizes the need and importance of an extensive Salmonella monitoring program at national level, which would encompass all links of the food chain including animal feed and feed processing plants as well.
INTRODUCTION
Food represents an important source of pathogenic organisms, and industrial production of food resulted in increased incidence of foodborne diseases as well as their wider geographic spreading and increased severity of complications. Only during 2013, in the United States, 818 foodborne disease outbreaks were reported, resulting in 13,360 illnesses, 1,062 hospitalizations, and 16 deaths (CDC, 2013) . Among the foodborne pathogens, Salmonella enterica is one of the most devastating pathogens (Gieraltowski et al., 2013) . Salmonellosis is responsible for 11% all food related deaths (Allard et al., 2012) , and the incidence of salmonellosis in the human population has not been decreasing during the past decade (Brendan et al., 2013) . Manual for reporting on food-borne outbreaks (EFSA, 2015) recommends that severity of disease can be characterized by reporting the number of deaths and hospitalizations. For example, in food-borne infections, the incidence of viral infections is three and four times higher than that of salmonelosis and campylobacteriosis, respectively. However, the number of salmonellosis-associated hospitalizations is two times higher than that related to campylobacteriosis, and almost four times higher as compared with foodborne viral infections. According to the report of European Food Safety Authority, in the period 2007-2011, 1,271 salmonellosis epidemics were recorded involving 17,001 diseased humans, 3,208 hospitalizations and 24 lethal outcomes (EFSA, 2013 (Grimont and Weill, 2007) . S. enterica subsp. enterica (or subspecies I) includes serovars that are most commonly isolated in humans and farm animals (e.g., S. Enteritidisgroup O:9 (D1) and S. Typhimurium-group O:4 (B)), which are of greatest epidemiological importance and thus mostly investigated serovars. Salmonella enterica subsp. enterica serovar Montevideo, which is addressed in this article, belongs to the group O:7 (C1). Its antigenic formula is: 6,7; g, m, s; 1,2,7 .
Food as a source of Salmonella
Being a first link in the food chain, animal feed is a potential reservoir of Salmonella. Salmonella from animal feed can colonize or cause infection in food producing animals and, consequently, in humans consuming food of animal origin. Several studies demonstrated that animal feed can represent the reservoir for particular strains responsible for outbreaks of human salmonellosis (Crump et al., 2002; Jones, 2011) . However, revealing of the infection source in salmonellosis is very difficult, and especially source tracing analysis to the farm-level or to the feed-mills. This is mainly due to the fact that isolates are rarely identified (typed) to the serovar level, thus, the relevant data on both animal feed and food of animal origin are lacking. (Stocker et al., 2011) . In 1996, an epidemic of S. ser. Montevideo was reported in Great Britain, and the infection was associated with consuming cooked chicken bought from a supermarket (Threlfall et al., 1999) . Poisoning associated with diarrhea and fever was reported in 23 patients aged 59-79 in a club for elderly persons in Japan (Hamada et al., 2002) . S. ser. Montevideo was isolated from stool specimens of 12 patients. In 2013, Lincoln County Health Department reported on salmonellosis outbreak in participants of private graduation party (Lawlor and Reinert, 2013) . Incubation period was 10 to 44h, and duration of illness ranged from 1 to 11 days. Since the host of the party was chicken owner, cloacal swabs, as well as the specimens from chicken litter, fresh chicken feces and soil were collected; however, S. 
The importance of molecular methods in the identification of infection source
In the past, the route from field to fork was much shorter, the food was consumed locally and salmonellosis outbreaks were limited to local epidemics (Gieraltowski et al., 2013) . However, industrialized food production and intensive food trading at both national and international level resulted in occurrence of extensive infections spreading through several countries. Identification of such infections requires a laboratory based subtype surveillance (Gieraltowski et al., 2013) . Foods involving several different ingredients pose a particular challenge in the identification of infection source. Potential salmonellacontamination of one specific ingredient is extremely difficult to confirm, since the level of contamination can be very low and the portion of this particular ingredient in different foods is variable. For example, in the period from 1 July 2009 to 14 April 2010, 272 cases of human S. ser. Montevideo infections were reported in 44 U.S.A. states (CDC, 2010). A comprehensive investigation aimed at identifying the source of the epidemics was performed in all states. All determined genetic profiles of S. ser. Montevideo isolates were submitted into the Pulse-Net. Salami products contaminated with S. ser. Montevideo via the spices (black and red pepper) added to the final product after the critical control points for pathogen reduction, were identified as the infection source. However, since S. ser. Montevideo is a highly clonal Salmonella serotype, epidemiological investigation using pulsed-field gel electrophoresis (PFGE) is limited in its ability of differentiating strains implicated in an epidemic outbreak. Thus, genetic similarity between isolates from black and red pepper with clinical isolates was confirmed using molecular next-generation sequencing techniques (Gieraltowski et al., 2013). Next-generation sequencing (NGS) is a new technology producing dramatic advancement in molecular investigation of epidemics associated with contaminated food. The method enables investigation of genetic relatedness of clinical isolates, food-contaminating isolates and their environmental counterparts (Allard et al., 2012 (Gericke et al., 1988) . The isolates from the feces of diseased infants manifested variable antimicrobial resistance (ranging from susceptible to multiple resistant). Further research confirmed that multiple resistance of individual S. ser. Montevideo isolates relies on plasmid-mediated resistance, whereas same plasmids were identified in the isolates of Escherichia coli and Klebsiella from the fecal flora of diseased babies. This finding pointed out the importance of plasmid transfer from E. coli or Klebsiella to S. ser. Montevideo under in vivo conditions (Gericke et al., 1988) . In 2004, S. ser. Montevideo bacteremia was reported in a three-year old girl (Kim et al., 2004) . Empirical antimi-crobial therapy based on ampicillin/gentamycin combination did not result in any improvement. The agent was isolated from the blood and feces, and antibiotic susceptibility testing of the isolate revealed multiple resistance to cefoxitin, gentamicin, piperacillin, cefuroxime, ceftazidime and cefotaxime. According to the available literature, this is the first report on an isolate of this serotype on harboring the DHA-1, a plasmid responsible for its resistance to AmpC β-lactamase. The resistance towards ceftazidime and cefotaxime is transferred by conjugation to the recipient E. coli J53 (Kim et al., 2004) . AmpC β-lactamases are primarily chromosomal cephalosporinases. -lactam resistance mediated by plasmid-mediated AmpC -lactamases was described in several clinical isolates of S. ser. Enteritidis (Gaillot et al., 1997; Barnaud et al., 1998) . Plasmid exchange between enteric bacteria is an issue of paramount public health importance because of multiple plasmid-mediated resistance to antibiotics in non-typhoid Salmonella strains. A range of mobile elements are of importance in the evolution of Salmonella and the development of its antimicrobial resistance (Switt et al., 2012) . The majority of researchers are focused on mobile elements in highly virulent strains (e.g., serovars Typhi, Typhimurium) or strains manifesting multiple antimicrobial resistance. Some recent researches identified novel plasmids in S. ser. Montevideo isolates, i.e., IncHI and an IncN2, which both encode antimicrobial resistance genes (Switt et al., 2012) .
CONCLUSION
The lack of accurate and reliable data on the prevalence of diverse Salmonella serovars in animal feed, food and clinical material originating from animals is clearly evident. The Regulation on the Program of measures of animal health care in 2015 (Official Gazette of the Republic of Serbia, dated 03/04/2015) rules the "implementation of measures in case of sus-pected and confirmed cases of S. Ente-ritidis and S. Typhimurium, i.e., S. Hadar, S. Infantis or S. Virchow". Moreover, the Regulation defines the following: "with an aim of identifying all salmonellas of importance for public health, the report on the obtained results must encompass both all serotypes regulated in this Regulation and other relevant regulations and all other serotypes identified".
However, identification of all serotypes in our laboratories is not feasible, which is due to lack of trained personnel and sera for identification of somatic and flagellar antigens. Identification of Salmonella isolates commonly involves identification at species level (biochemical tests), group assignment using serotyping (commonly groups B ( In that respect, routine laboratory practice does not implicate submission of isolates to the referent laboratory for serotyping and, consequently, broad monitoring and accurate data on the prevalence of particular serovars in Serbia, are still lacking. Moreover, the surveillance of the facilities in feed production plants and animal feed itself is highly under-developed and inadequately integrated with the surveillance of microbial contamination of food of animal origin for human consumption. Thus, data that could as-sociate particular links of the food chain with the occurrence of human alimentary infections are not available. Having in mind sample number of serovars identified in the epidemics of human salmonellosis in Serbia, the strategies for reduction of salmonellosis have to be aimed at not only limited number but to all Salmonella serovars. Most frequently isolated serovars isolated from animal feed usually differ from human-derived clinical isolates; however, importance of animal feed in the epidemiology of salmonellosis must not be excluded. On the one hand, the reservoirs of human infections are much more heterogeneous, and on the other hand S. enterica strains from animal feed are commonly not typed to serovar level. Also, infective doses for humans and animals are different, and a number of cases remain unreported as the disease resolves through a course of a single self-limited infection. S. ser. Montevideo is frequently isolated from animal feed in our epizootic region (South Bačka and Srem district), but lack of relevant data does not allow any conclusions on its potential implication in outbreaks of human salmonellosis. The fact that animals intended for human consumption are significantly exposed to serovar Montevideo is well established. In spite of its relatively low pathogenic potential, this serovar might be of importance for the occurrence and outbreak of infections in humans. Moreover, literature data pointed out the possibility of transferring mobile genetic elements encoding antimicrobial resistance from other enteric bacteria to Salmonellae (including S. ser. Montevideo). Livestock industry in Serbia is characterized by an excessive application of antibiotics in both prophylaxis and therapy, which stimulates the development of new resistance mechanisms of Salmonella organisms and introduction of highly resistant strains into the food chain.
Finally, it is to be emphasized that serotypes S. Enteritidis and S. Infantis, wellestablished agents of human salmonellosis, were ranked as third and fourth most commonly isolated strains in animal feed from South Bačka and Srem district. Monitoring Salmonella has to be comprehensive, and cover all the links in the food chain starting from animal feed and facilities for their production as well.
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